nonexistent intrinsic GTPase activity and rely on GTPaseactivating proteins (GAP) in order to be switched off. Second, the nucleotide is usually bound with very high affinity so that its replacement (from GDP to GTP) has to be catalyzed by a guanine nucleotide exchange fac- fold is extended by an insertion-box domain (IBD), which adds two strands to the six-stranded ␤ sheet in the core. 
93.1/6.9/0.0 allowed/additional/disallowed (%) Details of the crystallization and structure determination are provided in Experimental Procedures. 1 Values in parenthesis are for the highest resolution shell. 2 R merge ϭ ⌺|I Ϫ ϽIϾ|/⌺ I. 3 R factor ϭ ⌺||F obs | Ϫ |F calc ||/⌺|F obs | was calculated for 95% randomly chosen reflections, and R Free was calculated for the other 5% of the data. in close agreement with data obtained for canine SR␣ features of the Ras superfamily of small G proteins. The superfamily is divided into functionally distinct subfamil-(Young et al., 1995); therefore, the domain was named SRX in analogy. The complex between yeast SR␤ (resiies, with SR␤ most closely related to ADP-ribosylation factor-6-GTP of the Arf family, with a root mean square dues 31-244) and SRX was formed in vivo by coexpression of both proteins from two separate vectors in E.
deviation (rmsd) of 2.2 Å (including 154 C␣ positions).
The similarity to the Arf family has been predicted earlier coli. His-tagging one of the two proteins, SR␤, allowed for isolating the properly assembled complex via nickel based on sequence similarity (Miller et al., 1995) . Characteristically distinct for SR␤ is the extended helix 4, affinity chromatography. The complex was further purified via anion exchange and size exclusion chromatogwhich protrudes from the protein core. The C-terminal end of helix 4 connects back to the core domain by a raphy (see Experimental Procedures). Homogeneity and 1:1 stoichiometry were determined by SDS-PAGE, gel long, flexible loop of 31 residues, 14 of which are not visible in this structure. filtration, and mass spectroscopy (data not shown). Crystals suitable for X-ray diffraction were obtained.
The unbiased, experimental electron density in the nucleotide binding site shows a bound GTP molecule They belonged to space group P2 1 2 1 2 with unit cell axes of a ϭ 78.2 Å , b ϭ 123.7 Å , and c ϭ 48.8 Å . Phasing ( Figure 2A) . A Mg 2ϩ ion is located in the expected site, with octahedral ligand sphere ( Figure 2B ). The Mg 2ϩ ion with molecular replacement techniques, using various, predicted-to-be similar GTPases as start models, failed.
coordinates the hydroxyl oxygen of residue Ser69 B from switch 1 (switch 1 is defined as SR␤ residues 61-72 and Thus, a seleno-methionine derivative was purified and crystallized and the structure determined by single switch 2 as 88-101). This is equivalent to Thr35 in Ras, wavelength anomalous dispersion (SAD) (for statistics, which is critical for GDP-GTP conformational switching. see Table 1 ). Since the used protein constructs naturally
The additional ligands to the Mg 2ϩ ion are oxygens from contain only two methionines, two more sites were intro-␤-and ␥-phosphate, the side chain of Thr52 B , and two duced by site-directed mutagenesis in order to obtain water molecules. In SR␤, a conserved histidine (His91 B ) a stronger Se signal (L110M in SR␣, I171M in SR␤). The in switch 2 adopts a position similar to Gln61 in Ras, experimental 2.4 Å SAD phases were used to build the a critical catalytic residue that orients the nucleophilic entire model. Final rounds of refinement were done with water molecule for the GAP-calatyzed GTPase reaction model phases and a native data set. The model was (Scheffzek et al., 1997) . The position of this nucleophilic refined to a crystallographic R factor of 19.4% and a water is conserved among all active forms of GTP bindfree R factor of 22.9% at 1.7 Å resolution. ing proteins, whether uncomplexed or with an effector, and a well-ordered water molecule occupies that site next to the ␥-phosphate in this structure as well.
Structure of SR␤
In the complex, the bound nucleotide is practically not SR␤ consists of a mixed six-stranded ␤ sheet and five surrounding helices (Figure 1) . It shares the canonical exchangeable. This is based on the fact that the electron Most hydrogen bonds from switch 1 residues emerge from main chain atoms in residues Pro65 B , Thr66 B , on the other (Figure 1) 2001; Figure 3C ). (Tajima et al., 1986) . The size of the buried surface areas appears to be correlated to the stability of this class of small G protein:effector complexes.
Biochemical Analysis of the SR␤-SRX Interaction
The SR␤-GTP:SRX structure, together with the comparative analyses of structurally related GNBPs, clearly suggests that SR␤ undergoing a GTP/GDP cycle would regulate the binding of SR␣. To test this in vitro, SRX and SR␤ were purified separately, SR␤ unloaded, and then reloaded with either GDP or GTP (see Experimental Pro- that anchors the protein permanently in the membrane.
of the region where helix ␣4 is connected with the protein core, this would have a large lever effect at the exposed Thus, an SR␤ switch cycle must differ in this aspect from Arfs. The first ordered residue in this structure helical tip. The long linker would allow for such a movement and thus explain its presence. is Ser36 B , thirteen residues apart from the end of the transmembrane helix (Ogg et al., 1998) . It is conceivable that these linking residues are held in a restrained position on the protein surface in the GDP form, whereas in Implications for the Process of Translocation Taken together, the structural and biochemical data the GTP form they are flexible and exposed. Such a scenario would allow SR␤ to change its orientation tosuggest that the dimerization of the eukaryotic SRP receptor is regulated by the GTP/GDP switch cycle of ward potential interaction partners within the ER membrane.
SR␤. We show that stable dimerization is GTP dependent. SR␣ is the effector for SR␤, to use the common It is tempting to speculate as to whether the extended helix ␣4 of SR␤ participates in the structural cycle as terminology ( 
Experimental Procedures
In the final step of the translocation process, the signal sequence is transferred from SRP54 to the translocon, 
